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Despite advances in catheter ablation of patients with persistent atrial fibrillation (AF), the ideal ablation strategy still is in evolution. It is known, however, that these patients fare poorly with pulmonary vein (PV) isolation alone. 1 In an effort to improve outcomes, potential mechanisms of AF beyond the PVs have been targeted by left atrial linear ablation, 2,3 ablation of complex fractionated atrial electrograms (CFAEs), 4 ablation of ganglionated plexi, and a combination thereof. Recently, "stepwise ablation," consisting of PV isolation, ablation of CFAEs, and linear ablation in an effort to terminate AF, has been reported to be highly effective in patients with persistent AF. 5 However, extensive ablation may be associated with impairment of left atrial (LA) contractility. Although sinus rhythm may have been attained, altered LA activation and mechanical function may lead to AV dyssynchrony and an ongoing risk of thromboembolic complications.
In this issue of PACE, Jiang et al. present their experience with extensive LA ablation in patients with persistent AF and resultant conduction delay into the left atrial appendage (LAA). 6 Among 201 patients with persistent AF, LAA delay, defined as the activation of the LAA after the onset of the QRS complex on the surface electrocardiogram, was observed in 23 patients (11%) after the first ablation procedure. The ablation strategy included PV isolation followed by linear ablation along the roof, LA septum (from the mitral annulus to the rightsided PVs or the roof line), mitral, and cavotricuspid isthmi. Delay in LAA activation developed in nine of the first 26 patients (35%). Therefore, linear septal ablation was abandoned in favor of ablation of septal CFAEs in the remaining 175 patients. As a result, delay in LAA activation occurred in only five of these patients (3% who underwent a repeat procedure. Isolation of LAA was noted at the end of an index ablation procedure in one patient, and the atria were found to be dissociated in two patients after a repeat procedure.
In the majority of patients with LAA conduction delay, LA breakthrough during sinus rhythm occurred via the coronary sinus instead of the anterosuperior LA, indicative of Bachmann's bundle block (Fig. 1 ). In a subset of patients in whom an echocardiogram was performed during sinus rhythm prior to the ablation procedure, a significant decrease in mitral peak A-wave velocity was noted at 1 month after the procedure. In other patients with LAA conduction delay, mitral A-wave was absent. All patients with LAA delay remained on warfarin. Based on these observations, the authors advise caution during extensive ablation procedures, which may result in impaired LA transport function and increased risk of thromboembolic events.
Review of the LA myoarchitecture may be helpful to better understand how septal ablation may lead to the LAA conduction delay. The major inter-and intra atrial connections arise from the septal raphe or the interatrial groove. Epicardially, the leftward extension of Bachmann's bundle, located at the anterosuperior LA, joins with circular fibers of the anterior LA, which then bifurcates to embrace the ostium of the LAA. 7 Deeper fibers of the septopulmonary bundle, which also arise from the septal raphe, and the septoatrial bundle, which are endocardial in location, combine to further reinforce the myocardium at the base of the LAA. 8 Thus, it is possible to interrupt LAA conduction during radiofrequency (RF) energy delivery at the region of Bachmann's bundle, 9 the base of the LAA, or at any point in between. Indeed, a recent study demonstrated that the LAA may be isolated even when RF energy is delivered >5 cm from the base of the LAA, underscoring the length of the intra-atrial connections. 10 During stepwise ablation, RF energy delivery at the anterior aspect of the left-sided PVs, the LA septum and base of the LAA during CFAE ablation, and linear ablation at the mitral isthmus in CHUGH AND ORAL essence transect the intra-atrial connections at various points. Although extensive ablation is likely an important determinant of LAA delay/isolation, the LAA may be isolated even with minimal ablation. A recent study showed that in patients with preexisting atrial scarring unrelated to the ablation procedure, RF energy delivery at critical sites may readily lead to LAA isolation. 10 In the study by Jiang et al., LAA activation delay occurred in ∼11% of patients during stepwise ablation. Since LAA activation was not assessed prior to ablation, it is unclear whether there was any preexisting LAA activation delay, which would most likely be due to structural remodeling. Although delay is likely more common, LAA isolation is likely to be rare. Among ∼1,500 patients undergoing catheter ablation of persistent AF or post-ablation atrial tachycardia at our institution, transient or permanent LAA isolation was observed in 11 patients (<1%). The epicardial location of Bachmann's bundle and the redundancy provided by the deeper bundles may help explain why complete LAA isolation is rare.
and left atrium (LA). As a result, LA activation proceeds caudocranially via the coronary sinus, to the left atrial appendage (LAA), and then the LA septum (solid black arrows). Caudocranial activation of the LA results in the terminal negativity of the P wave in the inferior leads (blue arrows). Also shown are electrocardiographic leads II and V1, bipolar electrograms recorded by the ablation catheter located at the LA septum, coronary sinus (CS), and the LAA.

Figure 2. Isolation of the left atrial appendage (LAA). A repeat ablation procedure for atrial tachycardia (AT) was performed in a patient
There are several potential consequences of LAA activation delay, spontaneous or related to catheter ablation. First, atrial transport function may be impaired. It is important to bear in mind that patients with significant LAA activation delay frequently harbor areas of low voltage/scar throughout the LA. 10 The widespread myopathy is likely to be associated with LA mechanical dysfunction. Second, electrical isolation of the LAA may result in stasis, which may promote thrombus formation, even during sinus rhythm. Although one may be willing to accept the trade off between sinus rhythm and delayed LAA conduction, this may not be entirely safe. Spontaneous LAA isolation, years after a prior procedure that demonstrated intact LAA conduction, has been described. 10 Thus, we agree with the authors' recommendation that patients with significantly delayed LAA conduction should remain on warfarin long term until more data become available. The role of LAA occlusion devices in such patients is unknown. Third, marked delay in LAA activation may adversely affect hemodynamics such that LA contraction may occur too late, even after ventricular systole has commenced.
Due to the possibility of LAA activation delay and isolation, we monitor LAA conduction continuously in patients undergoing catheter ablation of persistent AF. After completion of PV isolation, the ring catheter is moved to the base of the LAA, which not only allows one to follow the AF cycle length but also to monitor the integrity of LAA conduction. During AF, RF energy delivery should be interrupted if there is evidence of entrance block into the LAA even when ablating several centimeters away from the appendage. During sinus rhythm, LAA conduction delay or isolation should prompt the immediate discontinuation of RF energy delivery, which typically results in resumption of conduction (Fig. 2) . 10 Another approach to prevent LA dysfunction and LAA isolation is to avoid extensive ablation along the long intra-and inter atrial conduction routes.
Stepwise ablation represents a major advance in the treatment of patients with persistent AF. However, the timely contribution by Jiang et al. reminds us that there may be unintended consequences of extensive ablation. Although the salutary effects of sinus rhythm even after extensive ablation are likely to be preferable to the detrimental consequences of untreated, persistent AF, the findings of the current study underscore the continuing need to explore novel techniques and modalities to further improve outcomes while minimizing unnecessary ablation.
